Coral reef communities between 26.8°N and 18.6°N latitude in the Saudi Arabian 23
Red Sea were surveyed to provide baseline data and an assessment of fine-scale 24 biogeography of communities in this region. Forty reefs along 1100 km of coastline were 25 surveyed using depth-stratified visual transects of fish and benthic communities. Fish 26 abundance and benthic cover data were analyzed using multivariate approaches to 27 investigate whether coral reef communities differed with latitude. A total of 215 fish 28 species and 90 benthic categories were recorded on the surveys. There were no 29 significant differences among locations in fish abundance, species richness, or among 30 several diversity indices. Despite known environmental gradients within the Red Sea, the 31 communities remained surprisingly similar. The communities do, however, exhibit subtle 32 changes across this span of reefs that likely reflect the constrained distributions of several 33 species of reef fish and benthic fauna. 34
INTRODUCTION: 38
The Red Sea is located in the northwest periphery of the Indian Ocean and has 39 long been recognized as its own biogeographic region and a hotspot for biodiversity 40 (Goren & Dor, 1994; Randall, 1994; Randall, 1998) In addition to its unique set of fauna, the Red Sea is also recognized as a mostly 52 thriving coral reef ecosystem coexisting within relatively extreme environmental 53 conditions (Sheppard et al., 1992) . Only the Arabian Gulf supports coral reef 54 environments that experience higher temperatures and salinity levels than those located in 55 the Red Sea (Sheppard et al., 1992) . However, across this long and narrow body of water, 56 which spans 17 degrees of latitude, the Red Sea is not homogenous. Sea surface 57 expertise. Prior to other analyses, count densities were standardized to 200m 2 (hereafter 130 referred to as 'abundance'). A fourth diver (SN) conducted point-intercept benthic 131 surveys along the same 50m transects, recording the benthos at 100 random points 132 selected by a random number generator that allowed for at least two points to be within 133 the bounds of each meter of the transect to space the points out across the entire 134 transect. The substratum under each point was identified to the lowest taxonomic group 135 and morphotype where possible (Appendix S2). 136
137

Statistical Analyses 138
Community indices 139
Several community indices were assessed among the three latitudinal sub-regions 140 in our study. As each reef had the same number of transects, total abundance of all fishes 141 surveyed within a reef were used to calculate the average total abundance of fishes in 142 each of the three sub-regions (n = 12 or 16 reefs per sub-region). Total richness (S) was 143 calculated at the reef level by tallying the number of fish species recorded on all of the 16 144 transects (i.e., if a fish was seen on any transect it was counted for the reef). The 
Multivariate analyses among reefs 155
We also analyzed assemblage and biogeographic patterns in the data using non-156 metric multi-dimensional scaling (NMDS; Kruskal & Wish, 1978) to display the relative 157 dissimilarity distances based on community compositions among the 40 reefs. For this 158 and all subsequent multivariate analyses, data were analyzed at the reef level (treating the 159 16 transects as replicates within a reef). Fish abundance data and percent benthic cover 160 data were square root transformed to balance the effect of disproportionately abundant 161 species prior to conducting the analyses. The NMDS plots were calculated using the 162 resemblance matrix of Bray-Curtis similarity coefficients (Bray & Curtis 1957; Clark and 163 Warwick, 2001). While there are many options for similarity indices, the Bray-Curtis 164 method has been shown to be sensitive to differences in community structure when using 165 species abundance data, and is thus commonly used in coral reef community studies (Burt 166 et al. 2011; Dornelas et al., 2006; Holbrook et al., 2015) . Similarity coefficients are 167 calculated between assemblages of every pair of reefs using the average abundances of 168 each species within the reef. Here, the Bray-Curtis similarity coefficient S, represents the 169 similarity between reefs j and k where y ij represents the average abundance of the species 170 in column i and reef j. 171
Multivariate analyses among sub-regions 172
To determine if any biogeographic differences were evident, reef sites were 173 analyzed based on the groupings by the previously defined northern, central, and southern 174 sub-regions and assessed to determine if communities were similar among sub-regions. 175
Analysis of similarity (ANOSIM; Clarke, 2001) was conducted on both the fish and 176 benthic resemblance matrices to test the null hypothesis that the community assemblages 177 were similar throughout the three sub-regions. In the ANOSIM significance test, the 178 resulting global R-value lies between -1 and 1 and reflects the degree of similarity 179 between the pairwise tests between the three sub-regions. The more similar reef 180 communities within sub-regions are to each other than to those in other sub-regions, the 181 closer the value of R approaches 1. Positive values nearer to zero indicate that some reefs 182 between sub-regions show more similarity than reefs within the same sub-region, while a 183 
RESULTS
210
Community indices 211
A total of 268,313 individuals were counted representing 215 species from the 40 212 reefs (Appendix S1). However, nine fish taxa were subsequently removed from further 213 analysis because they were not identified to species and an additional four species, all 214 within the family Mullidae, were also excluded, as they were not counted in all of the 215 survey periods (Appendix S3). The remaining 202 fish species, representing 110 genera 216 and 26 families were used for subsequent analyses (Appendix S1 and S2). 217 Total abundance was not significantly different across sub-regions (one-way 218 ANOVA, F 2,37 =2.76, p=0.0764). Similarly, the other community indices showed no 219 significant differences among sub-regions. These included mean species richness (one-220 way ANOVA, F 3,37 = 1.319, p=0.280) (Figure 2b ), Shannon's diversity (H') (one-way 221 ANOVA, F 2,37 = 0.585, p = 0.562), Pielou's evenness (J') (one-way ANOVA, F 2,37 = 222 0.437, p=0.649), and Simpson's index (1-λ')(one-way ANOVA, F 2,37 = 1.487, p =0.239 223 (Figure2b-d) . (Table 2) . 229
Fish assemblage multivariate analyses across reefs and between sub-regions 230
The NMDS plot ( (Table 3) . 238
However, in the SIMPER pairwise comparisons, four species (Pseudanthias 239 squamipinnis, Chromis dimidiata, Chromis flavaxilla, and Pseudochromis fridmani) were 240 consistently identified as being the primary drivers of between-sub-region dissimilarity 241 (Table 2 ). The three sub-regions were also characterized by a similar assemblage of 242 fishes with the same 19 species making up the top 25 most influential species driving the 243 similarities within each of the three sub-regions (Table 4) . None of the three sub-regions 244 were found to have a notably distinct assemblage structure based on pairwise 245 dissimilarity values. SIMPER results show that benthic categories driving the top 25% of 246 differences in the ANOSIM were more diverse than the combinations that drive 247 differences in the fish ANOSIM (Tables 2 and 3 ). Percent contribution levels were also 248 more even and were generally higher among these benthic factors than contributions 249 found in the fish community (Tables 2 and 3 ). As in the fish assemblages, low 250 dissimilarity values indicate relatively low levels of differences among sub-regions. 251
Correlations between fish and benthos 252
The RELATE analysis showed a significant positive correlation between patterns 253 in the fish assemblages and the corresponding benthic communities (p<0.001, ρ=0.386). 254
The SIMPER analysis identified that 41 of the 90 benthic categories contributed at least 255 1% to dissimilarity in benthic communities. We therefore used BEST (BVSTEP) to 256 examine these 41 benthic variables in order to identify which benthic variables may have 257 contributed to shifts in the fish assemblages. However, this analysis did not find a benthic 258 variable or a combination of benthic variables that correlated significantly (p=0.07) with 259 the changes in fish assemblages across latitude. communities. Though we do not directly compare our data to the findings in previous 271 literature on inshore reefs, our study revealed that across latitude, offshore reef fish 272 assemblages were generally more homogenous in nature. While there were subtle 273 assemblage shifts along this gradient, they were not strong enough to be reflected in five 274 common indices, none of which differed significantly among the three sub-regions. 275
Nevertheless, reefs within the same area generally cluster closely together in an overall 276 latitudinal pattern. Patterns found in the fish assemblages also appear to be related to 277 benthic composition, but the exact drivers are difficult to identify. We did not find strong 278 evidence for the current location of the within-Red Sea ecoregion boundary designated by 279
The great deal of homogeneity and relatively small differences in the species that 281 characterize the reefs throughout our study area are in contrast to earlier studies on near-282 shore reefs and contradict the delineations of distinct bioregions assigned in the MEOWS 283 southern sub-regions) and the uniformity in species driving the similarities within sub-300 regions indicated a generally homogeneous assemblage along this span of coastline. We 301 also found that dissimilarities (though significant) were half that of similar studies 302 comparing coral reef fish assemblages across other similarly defined bioregions that 303 displayed substantially higher dissimilarity percentages (e.g., 72-85%) (Burt et al., 2011) . 304 Red Sea reef fish assemblages along the northern two-thirds of the eastern Red Sea 376 are, for the most part, composed of similar assemblages of species with no dramatic 377 changes in the general communities along this latitudinal gradient when comparing reef 378 communities on the edge of the continental shelf. Nevertheless, shifts do occur, likely 379 driven by the respective range limits of several species that are confined to either the 380 northern or southern Red Sea. While we recognize that ecoregion delineation is not a 381 fully quantitative endeavor, we recommend that the previously described zonation in 382
Spalding et al.'s Marine Ecoregions of the World within the Red Sea be reconsidered. 383
This central bioregion lacks clearly distinct species compositions on either side of its 384 borders, and as such may not be a reasonable biogeographic demarcation. Due to well-385 established differences in abiotic conditions as well as habitat structure and 386 geomorphology, we suggest that more studies be conducted comparing the fauna between 387 the far southern region (below 18° latitude and continuing to the strait of Bab Al 388 Mandab) and the rest of the Red Sea including, the western side. While we were not able 389 to explore this possibility at the present time, our study provides a useful dataset from 390 well-distributed sites along the eastern Red Sea. Given global challenges associated with 391 "shifting baselines" (Pauly, 1995) and these correspond to the numbers in Table 1 . 574 
